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Description 

[0001] The present invention relates to a method for 
producing organic electroluminescent (EL) devices. 

BACKGROUND OF THE INVENTION 

[0002] As being self-luminescent, EL devices have 
high visibility. In addition, as being completely solid, EL 
devices have higher impact resistance than liquid crys- 
tal devices. Therefore, the use of EL devices in various 
displays as light emitters is being widely noticed. EL de- 
vices are grouped into inorganic EL devices and organic 
EL devices, the former containing inorganic compounds 
in their light-emitting layers while the latter containing 
organic compounds. For organic EL devices containing 
organic compounds in their light-emitting layers, various 
structures of various materials have heretofore been 
proposed capable of giving high luminance at low volt- 
age of direct currents. 

[0003] Vacuum vapor deposition is one typical meth- 
od of producing organic EL devices, which comprises 
vaporizing predetermined organic compounds under 
heat to form films on substrates. 
[0004] However, conventional organic EL devices, 
even though having good initial capabilities, are often 
problematic in that their capabilities are greatly reduced 
within a short period of time. It has heretofore been dif- 
ficult to produce organic EL devices all the time stably 
having the designed capabilities. It is known that con- 
tamination of substrates causes the reduction in the ca- 
pabilities of EL devices. In particular, in organic EL de- 
vices, contamination of the electrode/organic layer in- 
terface and the organic layer/organic layer interface is 
one factor of interfering with the carrier injection from 
the substrate electrode into the organic layers, thereby 
having noticeable negative influences on the capabili- 
ties of the devices. 

[0005] In order to prevent the reduction in the capa- 
bilities of EL devices by such contamination, disclosed 
is a method of cleaning the surface of an electrode- 
mounted substrate to make it have a contact angle with 
water of smaller than 25°, prior to forming organic layers 
on the substrate (see Japanese Patent Application Laid- 
Open (JP-A) No. 220873/1995). In this method, the 
cleaned substrate is stored in vacuum or in inert gas to 
prevent it from being contaminated. 
[0006] Also disclosed is a method of continuously pro- 
ducing organic EL devices all the time in vacuum, in 
which is used a vacuum chamber having therein a plu- 
rality of vacuum processing rooms, and each one of plu- 
ral layers is formed in each room successively one after 
another (see JP-A No. 111285/1996). These vacuum 
rooms each have therein a source material to be vapor- 
ized for forming the intended film. A substrate is dis- 
posed in a predetermined one of those rooms, then the 
gate valve is shut, and thereafter the deposition source 
in the room is heated to form a film on the substrate 



through vapor deposition from the source. 
[0007] However, organic EL devices as produced ac- 
cording to the method disclosed in JP-A No. 
220873/1995 could not still have stable capabilities. 

5 [0008] The method disclosed in JP-A No. 
111285/1996, in which the deposition source is heated 
after the substrate has been disposed in the vacuum 
chamber, is problematic in that impurities having vapor- 
ized in the initial stage of heating deposit on the sub- 

10 strate to thereby worsen the capabilities of the devices 
produced. This is because the deposition sources, such 
as organic compounds for constituting organic layers 
and metals for constituting electrodes, are exposed in 
air prior to being set on the holders, and therefore im- 

*5 purities in air, such as organic substances, carbon diox- 
ide, water, oxygen and the like adhere onto them. In par- 
ticular, since synthetic organic compounds are formed 
in solvent, the solvent used often remains in the com- 
pounds. As a result, the deposition source of such a syn- 
20 thetic organic compound shall contain the solvent as an 
impurity. The impurity vaporizes in the initial stage of 
heating, thereby causing contamination of the substrate 
and the film formed thereon. 

25 SUMMARY OF THE INVENTION 



[0009] The object of the present invention is to provide 
a method for producing organic EL devices that stably 
have the intended capabilities. 
30 [0010] In order to solve the problems mentioned 
above, we, the present inventors noted the contaminat- 
ed condition of substrates in vacuum, and investigated 
the time-dependent change in the contaminated condi- 
tion of each substrate on the basis of a parameter, con- 
35 tact angle with water of the substrate. Concretely, sub- 
strates were stored in vacuum, and the contact angle 
with water of each substrate was measured at predeter- 
mined time intervals. As a result, we have found that the 
contact angle with water of each substrate increases 
<o with the lapse of time even in vacuum, and have ob- 
tained the finding that substrates are, even though 
stored in vacuum, contaminated by impurities existing 
in the vacuum chamber. These our findings indicate that 
the reason for the failure to stabilize the capabilities of 
45 the devices in the method (disclosed in JP-A No. 
220873/1995) is because the cleaned substrates are 
stored in vacuum and the thin films formed on the sub- 
strates are exposed in vacuum for a long period of time 
during the film-forming process. 
50 [0011] In the method of present invention, the next 
film is formed before the substrate and the previously- 
formed film are contaminated in vacuum to thereby sta- 
bly ensure the intended capabilities of the devices pro- 
duced. 

55 [0012] Concretely, the method of the invention for pro- 
ducing organic EL devices comprises cleaning an elec- 
trode-mounted substrate followed by forming a plurality 
of film layers including organic layers and a counter 
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electrode layer, on the electrode mounted on the sub- 
strate, successively one after another in vacuum, in 
which the time just, after the finish of cleaning the elec- 
trode-mounted substrate and before the start of forming 
the first film layer on the electrode is shorter than the 
time within which the value of the contact angle with wa- 
ter of the surface of the electrode just after the finish of 
cleaning it increases by 30° in vacuum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Fig. 1 is a cross-sectional view showing one 
embodiment of the organic EL device produced accord- 
ing to the method of the invention. 
[0014] Fig. 2 is a schematic view showing a produc- 
tion apparatus used in producing the organic EL device 
illustrated in Fig. 1. 

[0015] In those drawings, 1 is an organic EL device; 
2 is a production apparatus for producing the organic 
EL device; 11 is a substrate; 12 is a transparent elec- 
trode; 13 is a hole injection layer (first organic layer); 14 
is a light-emitting layer (second organic layer); 15 is an 
electron injection layer (third organic layer); 1 6 is a coun- 
ter electrode (fourth layer); 1 7 is an electrode-mounted 
substrate; 21 is a cleaning room (vacuum chamber); 22 
is a first film-forming room (vacuum chamber); 23 is a 
second film-forming room (vacuum chamber); 24 is a 
third film-forming room (vacuum chamber); 25 is a fourth 
film-forming room (vacuum chamber); and 41, 42, 43 
and 44 are deposition sources. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] For the method of the invention for producing 
organic EL devices, the time within which the value of 
the contact angle with water of the surface of the elec- 
trode just after the finish of cleaning it increases by 30° 
in vacuum is previously determined. On the basis of the 
time thus determined, the first film layer is formed on the 
electrode in accordance with the method of the inven- 
tion. 

[0017] In the method of the invention, the first layer is 
formed on the electrode previously formed on the sub- 
strate just after having cleaned the electrode-mounted 
substrate and within the defined period of time within 
which the contact angle with water of the surface of the 
electrode increases by 30°, whereby the adhesion of im- 
purities on the electrode-mounted substrate is surely 
prevented. Specifically, in the method of the invention, 
cleaning the electrode-mounted substrate reduces the 
contact angle with water of the surface of the electrode 
to be lower than 30° or less than the initial value of the 
non-cleaned one, and the first layer is formed on the 
electrode before the contact angle with water of the sur- 
face of the electrode increases to be larger by 30° or 
more than the initial value of the electrode just after 
cleaned. In that manner, therefore, the first layer is 
formed on the electrode that is cleaner than the non- 



cleaned one, resulting in that the interface between the 
electrode and the first layer formed thereon is surely pro- 
tected from being contaminated. Accordingly, in the 
method of the invention, adhesion of impurities on the 
5 surface of the devices produced is surely reduced, and 
the devices produced shall stably have the intended ca- 
pabilities. 

[0018] Just after having cleaned the surface of the 
electrode and before forming the first layer on the elec- 

10 trode, the increase in the contact angle with water of the 
surface of the electrode is preferably not largerthan 20°, 
more preferably not larger than 10°. In the preferred 
condition in which the first layer is formed before the in- 
crease in the contact angle with water of the surface of 

15 the electrode is not larger than 20°, the uniformity of the 
light-emitting surface of the device produced is im- 
proved; and in the more preferred condition in which the 
increase in question is not larger than 10°, not only the 
uniformity of the light-emitting surface is more improved 

20 but also the overall light-emitting capabilities of the de- 
vice produced are improved. In those conditions, the life 
of the devices produced is prolonged. 
[0019] The method of the invention for producing or- 
ganic EL devices, comprising forming a plurality, n = 1 , 

25 2, 3, of film layers including organic layers and a 
counter electrode layer, on an electrode mounted on a 
substrate, successively one after another in vacuum, is 
characterized in that the time just after the finish of form- 
ing the n'th film layer and before the start of forming the 

30 next (n + 1 )'th film layer is shorter than the time within 
which the value of the contact angle with water of the 
surface of the n'th film layer just after having been 
formed increases by 30° in vacuum. 
[0020] In this method of the invention for producing 

35 organic EL devices, the time within which the contact 
angle with water of the surface of the n'th layer just after 
having been formed increases by 30° in vacuum is pre- 
viously determined. On the basis of the time thus deter- 
mined, the next (n + 1 )'th layer is formed on the previ- 

40 ously-formed n'th layer. 

[0021] In the method of the invention, the (n + 1)'th 
layer is formed on the previously-formed n'th layer while 
the n'th layer is clean just after having been formed and 
within the defined period of time within which the contact 

45 angle with water of the surface of the n'th layer increases 
by 30°, whereby the penetration of impurities into the 
interface between the n'th layer and the (n + 1)'th layer 
is prevented. In that manner, therefore, the devices pro- 
duced shall stably have the intended capabilities. 

50 [0022] Just after having formed the n'th layer and be- 
fore forming the next (n + 1)'th layer on the n'th layer, 
the increase in the contact angle with water of the sur- 
face of the n'th layer is preferably not larger than 20°, 
more preferably not larger than 10°. In the preferred 

55 condition in which the (n + 1 )*th layer is formed before 
the increase in the contact angle with water of the sur- 
face of the n'th layer is not largerthan 20°, the uniformity 
of the light-emitting surface of the device produced is 
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improved; and in the more preferred condition in which 
the increase in question is not larger than 10°, not only 
the uniformity of the light-emitting surface is more im- 
proved but also the overall light-emitting capabilities of 
the device produced are improved. In those conditions, 
the life of the devices produced is prolonged. 
[0023] The plural film layers may be formed in any 
film-forming methods including sputtering methods. It is 
desirable that these films are formed through vapor dep- 
osition for which the deposition source for the (n + 1 )'th 
layer is previously heated prior to the finish of forming 
the previous n'th layer. 

[0024] Pre-heating the deposition source for the (n + 
1)'th layer removes the impurities that may vaporize in 
the initial stage of heating the deposition source for the 
(n + 1)'th layer, prior to the deposition of the (n + 1)'th 
layer on the previously-formed n'th layer, resulting in 
that the (n + 1)'th layer formed is protected from being 
contaminated with such impurities. In that manner, the 
devices produced shall have good capabilities. 
[0025] In addition, by the pre-heating, the vaporizing 
condition of the deposition source for the (n + 1 )'th layer 
can be stabilized within a short period of time just after 
the finish of forming the n'th layer so that the time after 
the finish of forming the n'th layer and before the start 
of forming the next (n + 1 )th layer can be surely short- 
ened. In other words, forming the (n + 1)'th layer can 
surely be started before the contact angle with water of 
the surface of the previously-formed n'th layer increases 
in vacuum to be larger by 30° than the initial value of the 
n'th layer just after having been formed. As a result, the 
contamination of the surface of the n'th layer, or that is, 
the contamination of the interface between the n'th layer 
and the overlying (n + 1 )'th layer is surely reduced, and 
the devices produced shall stably have the intended ca- 
pabilities. 

[0026] Preferably, the pre-heating of the deposition 
source for the (n + 1)'th layer is so attained before the 
finish of the formation of the previous n'th layer that the 
deposition rate, R t of the vaporizing material to give the 
(n + 1)'th layer on the substrate satisfies, while being 
based on a predetermined deposition rate, r, to form the 
(n + 1 )'th layer on the substrate, the requirements of 0.7r 
£R<1.3 rand R> 10 A/sec. 

[0027] The predetermined deposition rate, r, to form 
the (n+1)'th layer on the substrate as referred to herein 
is derived from the tactical time for the deposition step 
to give the (n + 1 )'th layer, which may be calculated from 
the amount of the devices produced and from the proc- 
ess of producing the devices, while depending on the 
type of the deposition material used for the (n + 1)'th 
layer. 

[0028] Controlling the deposition rate, R, of the vapor- 
izing material to give the (n + 1 )'th layer on the substrate 
within the defined range before the finish of the forma- 
tion of the previous n'th layer is effective in stabilizing 
the actual deposition rate, R, of the (n + 1)'th layer on 
the substrate to be nearer to the predetermined depo- 



sition rate, r, within a shortest period of time. According- 
ly, immediately after the finish of deposition the previous 
n'th layer, the deposition of the next (n + 1 )'th layer can 
be started, and, in addition, the contamination of the in- 
5 terface between the n'th layer and the (n + 1)'th layer 
formed thereon is greatly reduced. As a result, the tac- 
tical time for continuous production of devices can be 
shortened. 

[0029] The plural film layers noted above can be 
10 formed in one and the same vacuum chamber, but are 
preferably formed in different vacuum chambers in such 
a manner that the vacuum chamber where the (n + 1) 
'th layer is formed is previously degassed prior to the 
finish of the formation of the previous n'th layer. 
15 [0030] Pre-degassing the vacuum chamber for the (n 
+ 1 )'th layer reduces the pressure in the vacuum cham- 
ber for the (n + 1 )'th layer to a predetermined one within 
a short period of time after the finish of the formation of 
the n'th layer, thereby surely shortening the time after 
20 the finish of the formation of the n'th layer and before 
the start of the formation of the (n + 1)'th layer. In other 
words, this ensures the start of forming the (n + 1)'th 
layer before the contact angle with water of the surface 
of the n'th layer increases in vacuum to be larger by 30° 
25 than the initial value of the n'th layer just after having 
been formed. As a result, the contamination of the sur- 
face of the n'th layer, or that is, the contamination of the 
interface between the n'th layer and the overlying (n + 
1 )'th layer is surely reduced, and the devices produced 
30 shall stably have the intended capabilities. 

[0031] Preferably, the pre-degassing of the vacuum 
chamber for the (n + 1 )'th layer is so attained before the 
finish of the formation of the previous n'th layer that the 
pressure, P, in the vacuum chamber for the (n + 1)'th 
35 layer satisfies, while being based on a predetermined 
pressure, p, in the vacuum chamber in which the (n + 1) 
'th layer is to be formed, the requirement of 0 1p < P < 
10p. 

[0032] Controlling the pressure, P, in the vacuum 
40 chamber for the (n + 1 )'th layer within the defined range 
before the finish of the formation of the previous n'th lay- 
er is effective in stabilizing the actual pressure, P, in the 
vacuum chamber in which the (n + 1)'th layer is to be 
formed to be nearer to the predetermined pressure, p, 
45 within a shortest period of time. Accordingly, immediate- 
ly after the finish of deposition the previous n'th layer, 
the deposition of the next (n + 1)'th layer can be started, 
and, in addition, the contamination of the interface be- 
tween the nth layer and the (n + 1 )'th layer formed ther- 
50 eon is greatly reduced. As a result, the tactical time for 
continuous production of devices can be surely short- 
ened. 

[0033] Where the pre-degassing of the vacuum 
chamber for the (n + 1 )'th layer is combined with the pre- 
55 heating of the deposition source for the (n + 1 )'th layer, 
it is desirable that the pre-degassing is attained to sat- 
isfy the above-mentioned requirement in a predeter- 
mined period of time after the start of pre-heating the 
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deposition source. This is because, in the initial stage 
of heating the deposition source for the (n + 1)th layer 
in the vacuum chamber, impurities are released from the 
source, resulting in increasing the pressure of the vac- 
uum chamber and even making it unstable, whilst the 5 
release of the impurities from the source is terminated 
after the heating is continued for a while whereby the 
pressure in the vacuum chamber is lowered and then 
stabilized. Namely, the release of impurities from the 
source under heat takes some time before the pressure 10 
in the vacuum chamber is stabilized. 
[0034] Now, one embodiment of the present invention 
is described hereinunder, with reference to the drawings 
attached hereto. 

[0035] Fig. 1 shows an organic EL device 1 produced 15 
according to one embodiment of the invention. The de- 
vice 1 illustrated comprises a substrate 1 1 , a transparent 
electrode (anode) 12 of an ITO film formed on the sub- 
strate 11 , a hole injection layer 13 which is the first layer 
of an organic film formed on the transparent electrode 20 
12, a light-emitting layer 14 which is the second layer of 
an organic film formed on the hole injection layer 1 3, an 
electron injection layer 15 which is the third layer of an 
organic film formed on the light-emitting layer 14, and a 
counter electrode (cathode) 1 6 which is the fourth layer 25 
formed on the electron injection layer 15. 
[0036] The organic EL device 1 is produced, using a 
production apparatus 2 illustrated in Fig. 2. In the pro- 
duction apparatus 2 for producing the organic EL device 
1 illustrated, the electrode-mounted substrate 1 7 having 30 
the transparent electrode 12 on the surface of the sub- 
strate 11 (see Fig. 1) is cleaned, and a plurality of films 
are formed thereon as illustrated. The apparatus 2 illus- 
trated does not include a means of forming anodes. This 
apparatus 2 comprises a dry cleaning room 21 and four 35 
film-forming rooms, first, second, third and fourth rooms 
22, 23, 24 and 25 all connecting in series. These rooms 
21 to 25 are all vacuum chambers each equipped with 
a vacuum degassing system (not shown), and connect 
in series by valves 26, 27, 28 and 29. 40 
[0037] The dry cleaning room 21 is a room in which 
the electrode-mounted substrate 17 is cleaned, and is 
equipped with a RF plasma clean er(direct plasma type) 
wherein 31 is a lower electrode (anode 33) and 32 is an 
upper electrode. The RF plasma power is supplied via 
a matching unit 51 from a RF power supply 52. Rare gas 
such as argon or the like and oxygen are introduced into 
the cleaning room 21 to form plasma therein, whereby 
the electrode-mounted substrate 17 is cleaned in the 
room 21 . so 
[0038] Regarding its plasma-generating system, the 
plasma cleaner 31 is not limited to only that of a double- 
pole discharging type. Employable herein are any other 
plasma cleaners of different types, including, RIE(reac- 
tive ion etching) type. 55 
[0039] A load locking room 34 equipped with a vacu- 
um degassing system (not shown) is disposed adjacent 
to the dry cleaning room 21, and the dry cleaning room 



21 connects with the load locking room 34 via a valve 

35. The electrode-mounted substrate 17 is transported 
into the dry cleaning room 21 through the load locking 
room 34, without opening the dry cleaning room 21 to 
be exposed to the open air. 

[0040] The first film-forming room 22 that is adjacent 
to the dry cleaning room 21 via the valve 26 therebe- 
tween is a room in which a hole injection layer 1 3 is de- 
posited on the transparent electrode 12. This room 22 
is provided with a deposition source holder 41 , which 
contains therein a vaporizing material and is heated to 
give a vapor for the hole injection layer 1 3. This depo- 
sition source holder 41 is of a resistance heating system, 
in which a vaporizing material for the hole injection layer 

13 is put in a crucible and is heated to give a vapor. This 
is provided with an openable shutter 45. By shutting the 
shutter 45, the vapor of the vaporizing material is pre- 
vented from adhering onto the substrate 17. 

[0041] The second film-forming room 23 that is adja- 
cent to the first film-forming room 22 via the valve 27 
therebetween is a room in which a light-emitting layer 

14 is formed on the hole injection layer 13. This room 
23 is provided with a deposition source holder 42, a va- 
porizing material and is heated to give a vapor for the 
light-emitting layer 1 4. 

[0042] The third film-forming room 24 that is adjacent 
to the second film-forming room 23 via the valve 28 ther- 
ebetween is a room in which an electron injection layer 

15 is formed on the light-emitting layer 14. This room 24 
is provided with a deposition source holder 43, which is 
heated to give a vapor for the electron injection layer 1 5. 
[0043] The fourth film-forming room 25 that is adja- 
cent to the third film-forming room 24 via the valve 29 
therebetween is a room in which a counter electrode 16 
is formed on the electron injection layer 15. This room 
25 is provided with a deposition source holder 44, which 
is heated to give a vapor of metal for the counter elec- 
trode 16. 

[0044] Adjacent to the fourth film-forming room 25, 
disposed is a load locking room 36, like the load locking 
room 34 noted above. The load locking room 36 con- 
nects with the fourth film-forming room 25 via a valve 
37. The electrode-mounted substrate 17 is, after having 
been processed as above, taken out of the fourth film- 
forming chamber 25 through the load locking chamber 

36, without opening the chamber 25 to be exposed to 
the open air. 

[0045] The deposition source holders 42 to 44 in the 
second to fourth film-forming rooms 23 to 25 are of the 
same type as that of the deposition source holder 41 in 
the first film-forming room noted above, and each is pro- 
vided with a shutter 45. 

[0046] In the rooms 21 to 25, 34 and 36 in the produc- 
tion apparatus 2, disposed are transportation lines (not 
shown), through which the electrode-mounted substrate 
17 being processed is transported into the chambers 21 
to 25 and 36 in order without opening those chambers 
21 to 25, 34 and 36 to be exposed to the open air. The 
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transportation lines may be of any type of belt conveyers 
or tray conveyers, or may also be of a robot-type one 
equipped with arms by which the electrode-mounted 
substrate 17 is held and transported. 
[0047] In the apparatus 2 for producing organic EL de- 5 
vices, the electrode-mounted substrate 17 to be proc- 
essed is, after having been ultrasonically cleaned in an 
organic solvent, transported into the dry cleaning room 
21 through the load locking room 34, cleaned by plasma 
in this room 21 , then transported to the first to fourth film- 10 
forming rooms 22 to 25 in that order to form the hole 
injection layer 13, the light-emitting layer 14, the elec- 
tron injection layer 15 and the counter electrode 16 in 
those rooms 22 to 25, respectively, and finally taken out 
through the load locking room 36. In that manner, the 15 
production apparatus 22 of this embodiment of the 
present invention is so constructed that the organic EL 
device 1 can be continuously produced therein all the 
time in vacuum. 

[0048] In the rooms 21 to 25, 34 and 36, the electrode- 20 
mounted substrate 17 being processed is all the time so 
set that the transparent electrode 12 faces downward in 
Fig. 2. 

[0049] Now, using the production apparatus 2 illus- 
trated, one example of producing the organic EL device 25 
1 is mentioned below. 

[0050] First, for the transparent electrode 12, the hole 
injection layer 13, the light-emitting layer 14 and the 
electron injection layer 15, the relationship between the 
time for which the surface of each of the films 12 to 15 30 
is exposed in vacuum and the time-dependent increase 
in the contact angle with water of each surface is deter- 
mined by experiment. 

[0051] Concretely, for the transparent electrode 12, 
the electrode-mounted substrate 17 is, after having 35 
been ultrasonically cleaned in an organic solvent, 
cleaned with plasma in the dry cleaning room 21, and 
then left in vacuum. Having been left in vacuum for a 
predetermined period of time after the finish of the plas- 
ma cleaning, the transparent electrode 12 is tested to 40 
measure the contact angle with water of its surface. This 
measurement is repeated several times at predeter- 
mined time intervals, and the relationship between the 
storing time in vacuum and the contact angle with water 
of the surface of the transparent electrode 12 thus 45 
stored in vacuum is obtained from the data measured. 
From this, obtained is the storing time, T1, after which 
the contact angle with water of the surface of the thus- 
stored transparent electrode 12 increased to be larger 
by 10° than the initial value of the surface thereof just so 
after cleaned. In this experiment, the substrate 17 is 
stored all the time under the same pressure as that un- 
der which the hole injection layer 13 is to be formed. 
[0052] For the hole injection layer 13, this is deposited 
on the transparent electrode 12, which was previously 55 
formed on the electrode-mounted substrate 17, in the 
first film-forming room 22, and then left in vacuum. Hav- 
ing been left in vacuum for a predetermined period of 



time after the finish of the deposition of the hole injection 
layer 13, the layer 13 is tested to measure the contact 
angle with water of its surface. This measurement is re- 
peated several times at predetermined time intervals, 
and the relationship between the storing time in vacuum 
and the contact angle with water of the surface of the 
hole injection layer 1 3 thus stored in vacuum is obtained 
from the data measured. From this, obtained is the stor- 
ing time, T2, after which the contact angle with water of 
the surface of the thus-stored layer 13 increased to be 
larger by 1 0° than the initial value of the surface thereof 
just after formed. In this experiment, the substrate 17 is 
stored all the time under nearly the same pressure as 
that under which the next light-emitting layer 14 is to be 
formed on the hole injection layer 13. 
[0053] For the light-emitting layer 1 4 and the electron 
injection layer 1 5, obtained are the storing times, T3 and 
T4, after which the contact angle with water of each of 
the surfaces of the stored layers 14 and 1 5 increased to 
be larger by 10° than the initial value of each surface of 
those layers just after formed, in the same manner as 
above for the hole injection layer 13. 
[0054] Next, on the basis of the thus-obtained times, 
T1 to T4, the electrode-mounted substrate 1 7 is cleaned 
and the layers 13 to 16 are formed thereon. 
[0055] Concretely, the dry cleaning room 21 is previ- 
ously degassed to have a predetermined reduced pres- 
sure, and the electrode-mounted substrate 17 having 
been ultrasonically cleaned in an organic solvent is put 
into the load locking room 32. 

[0056] Next, the load locking room 34 is degassed to 
have a reduced pressure that is a little lower than that 
in the cleaning room 21, and then the valve 35 is 
opened, through which the electrode-mounted sub- 
strate 17 is transported into cleaning room 21. In this 
manner, the impurities existing in the load locking room 
34 are prevented from flowing into the cleaning room 21 
during the transportation of the substrate 17 from the 
room 34 to the room 21. 

[0057] In this cleaning room 21 , the electrode-mount- 
ed substrate 17 is cleaned with plasma by means of the 
plasma cleaner 31. 

[0058] Ultrasonically cleaning the electrode-mounted 
substrate 1 7 followed by cleaning it with plasma reduces 
the contact angle with water of the surface of the trans- 
parent electrode 12 to be smaller by 30° or more than 
that thereof before cleaned. 

[0059] On the other hand, while the electrode-mount- 
ed substrate 1 7 is cleaned with plasma, or that is, before 
the cleaning of the substrate 17 with plasma is finished, 
heating the deposition source in the holder 41 in the first 
film-forming room 22 is begun while degassing the room 
22. 

[0060] Pre-heating the deposition source 41 is started 
with the shutter 45 being shut, and is effected on the 
basis of a predetermined deposition rate, r1, of the hole 
injection layer 13 to be formed on the substrate 17. Con- 
cretely, before the finish of cleaning the electrode- 
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mounted substrate 17 in the cleaning room 21 , the dep- 
osition source 41 is so pre-heated that the deposition 
rate, R1, to form the layer 13 on the substrate 17 satis- 
fies the requirements, 0.7M £ R1 < 1.3r1 and R1 > 10 
A/sec. 5 
[0061] The predetermined deposition rate, M, of the 
hole injection layer 1 3 to be formed on the substrate 1 7 
is derived from the tactical time for the deposition step 
to give the layer 13, which may be calculated from the 
amount of the organic EL device 1 to be produced and 10 
from the process of producing the device 1 , while de- 
pending on the type of the deposition material used for 
the layer 13. 

[0062] Pre-degassing the first film-forming room 22 is 
effected on the basis of a predetermined pressure, p1 , 15 
in the room 22 under which the hole injection layer 13 
is to be formed therein. Concretely, before the finish of 
cleaning the substrate 17 in the cleaning room 21, the 
first film-forming room 22 is so degassed that the re- 
duced pressure, P1 , in the thus-degassed room 22 sat- 20 
isfies the requirement, 0.1 p1 < P1 < 10p1 . The reduced 
pressure, P1, in the room 22 shall fall within the range 
of 1 .33 x 1 0- 1 Pa < P1 < 1 .33 x 10~ 5 Pa. 
[0063] This pre-degassing is effected in parallel with 
the pre-heating of the deposition source 41 , resulting in 25 
that, in the initial stage of heating the deposition source 
41 , the pressure in the first film-forming room 22 increas- 
es to be unstable owing to the impurities released from 
the deposition source. However, heating the deposition 
source 41 for a predetermined period of time or longer 30 
shall terminate the release of the impurities from the 
deposition source thus heated, resulting in that the pres- 
sure in the first film-forming room 22 decreases to be 
stabilized. Therefore, the pre-degassing of the room 22 
is so effected that the reduced pressure, P1 , in the thus- 35 
degassed room 22 satisfies the requirement noted 
above, 0.1p1 < P1 < 10p1, after the termination of the 
release of the impurities to stabilize the pressure in the 
room 22, or that is, after the predetermined period of 
time from the start of the heating of the deposition <o 
source 41. 

[0064] Where the plasma cleaning is completed with- 
in a short period of time, the pre-degassing of the first 
film-forming room 22 and the pre-heating of the deposi- 
tion source 41 is started prior to starting the plasma 45 
cleaning so that the deposition rate, R1 , to form the hole 
injection layer 13 on the substrate 17 and the pressure, 
P1 , in the room 22 both may fall within the defined rang- 
es before the finish of the plasma cleaning. 
[0065] After the finish of the plasma cleaning of the 50 
electrode-mounted substrate 17, the valve 26 between 
the cleaning room 21 and the first film-forming room 22 
is opened, through which the substrate 1 7 is transported 
into the room 22, and then the valve 26 is shut. Next, 
after the deposition rate, R1, to form the intended film 55 
on the substrate 17 and the pressure, P1, in the room 
22 are stabilized to fall within the ranges defined relative 
to the predetermined deposition rate, r1 , and the prede- 



termined pressure, p1 , noted above, the shutter 45 is 
opened to start the vaporization and deposition to form 
the hole injection layer 13. 

[0066] In this embodiment, the deposition rate, R1 , to 
form the intended film on the substrate 1 7 and the pres- 
sure, P1, in the first film-forming room 22 are controlled 
to fall within the defined ranges, 0.7M < R1 <> 1.3r1 with 
R1 > 1 0 A/sec, and 0. 1 p1 < P1 £ 1 0p1 , respectively, prior 
to finishing the plasma cleaning, thereby resulting in that 
the deposition rate, R1 , to form the intended film on the 
substrate 1 7 and the pressure, P1 , in the first film-form- 
ing room 22 reach the predetermined deposition rate, 
M , and the predetermined pressure, p1 , and are stabi- 
lized, within a shortest period of time immediately after 
the finish of the plasma cleaning. In other words, in this 
condition, the time from the finish of the plasma cleaning 
to the start of the vapor deposition to form the hole in- 
jection layer 13 shall be a shortest one, or concretely, 
shall be not longer than the previously-calculated time, 
T1 , within which the contact angle with water of the sur- 
face of the transparent electrode 1 2 may increase to be 
larger by 10° than that thereof just after cleaned. 
[0067] On the other hand, while the hole injection lay- 
er 1 3 is being formed, or that is, before the formation of 
the layer 13 through vapor deposition is finished, heat- 
ing the deposition source 42 in the second film-forming 
room 23 and degassing the room 23 is started. 
[0068] The pre-heating of the deposition source 42 is 
effected in the same manner as that for the pre-heating 
of the deposition source 41 in the first film-forming room 

22 noted above, with the shutter 45 being shut and on 
the basis of a predetermined deposition rate, r2, to form 
the light-emitting layer 14 on the hole injection layer 13 
previously formed on the substrate 17. Concretely, be- 
fore the finish of forming the hole injection layer 13 
through vapor deposition, the deposition source 42 is 
so-preheated that the deposition rate, R2, to form the 
layer 14 on the substrate 17 satisfies the requirements, 
0.7r2 < R2 < 1 .3r2 and R2 > 1 0 A/sec. 

[0069] Pre-degassing the second film-forming room 

23 is effected in the same manner as that for pre-degas- 
sing the first film-forming room 22 noted above, or that 
is, on the basis of a predetermined pressure, p2, in the 
room 23 under which the light-emitting layer 14 is to be 
formed therein. Concretely, before the finish of forming 
the hole injection layer 13 through vapor deposition in 
the room 22, the second film-forming room 23 is so de- 
gassed that the reduced pressure, P2, in the thus-de- 
gassed room 23 satisfies the requirements, 0.1 p2 < P2 
<10p2, and 1.33 x 10~ 1 Pa < P2 < 1.33 x 10" 5 Pa. 
[0070] Where the formation of the hole injection layer 
13 is completed within a short period of time, the pre- 
degassing of the second film-forming room 23 and the 
pre-heating of the deposition source 42 is started prior 
to starting the vapor deposition to form the layer 1 3 so 
that the deposition rate, R2, and the pressure, P2, in the 
room 23 both may fall within the defined ranges before 
the finish of the formation of the hole injection layer 1 3. 
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[0071] After the formation of the hole injection layer 
13, the valve 27 between the first film-forming room 22 
and the second film-forming room 23 is opened, through 
which the substrate 17 on which the films have been 
formed is transported into the room 23, and then the s 
valve 27 is shut. Next, after the deposition rate, R2 to 
form the intended film on the substrate 1 7 and the pres- 
sure, P2, in the room 23 are stabilized to fall within the 
ranges defined relative to the predetermined deposition 
rate, r2, and the predetermined pressure, p2, noted 10 
above, the shutter 45 is opened to start the vaporization 
and deposition to form the light-emitting layer 14. 
[0072] In this embodiment, the deposition rate, R2, to 
form the intended film on the substrate 1 7 and the pres- 
sure, P2, in the first film-forming room 23 are controlled 15 
to fall within the defined ranges noted above, prior to 
finishing the formation of the hole injection layer 13 
thereby resulting in that the time from the finish of the 
formation of the hole injection layer 1 3 to the start of the 
vapor deposition to form the light-emitting layer 14 shall 20 
be not longer than the previously-calculated time, T2, 
within which the contact angle with water of the surface 
of the hole injection layer 13 may increase to be larger 
by 1 0° than that thereof just after formed. 
[0073] Next, in the same manner as in the formation 25 
of these hole injection layer 13 and light-emitting layer 
14, the deposition source 43 is preheated and the third 
film-forming room 24 is pre^iegassed, and then the 
electron injection layer 15 is formed through vapor dep- 
osition; and thereafter the deposition source 44 is pre- 30 
heated and the fourth film-forming room 25 is pre-de- 
gassed, and then the counter electrode 16 is formed 
through vapor deposition. In these steps, the time from 
the finish of the formation of the light-emitting layer 14 
to the start of the vapor deposition to form the electron 35 
injection layer 1 5 shall be not longer than the previously- 
calculated time, T3, within which the contact angle with 
water of the surface of the light-emitting layer 14 may 
increase to be larger by 10° than that thereof just after 
formed; and the time from the finish of the formation of 40 
the electron injection layer 15 to the start of the vapor 
deposition to form counter electrode 16 shall be not 
longer than the previously-calculated time, T4, within 
which the contact angle with water of the surface of the 
electron injection layer 1 5 may increase to be larger by 45 
1 0° than that thereof just after formed. 
[0074] After the formation of the counter electrode 1 6 
in the fourth film-forming room 25 has been finished, the 
valve 37 is opened, then the substrate 17, on which all 
the intended films have been formed, is transported into so 
the previously-degassed load locking room 36, then the 
valve 37 is shut, and finally the thus-processed sub- 
strate 17 is taken out after the pressure in the load lock- 
ing room is restored to ordinary pressure. 
[0075] The advantages of the embodiment illustrated ss 
hereinabove are mentioned below. 
[0076] Forming the hole injection layer 1 3 through va- 
por deposition immediately after the electrode-mounted 



substrate 17 has been cleaned, or that is, before the 
contact angle with water of the surface of the transpar- 
ent electrode 12 increases to be larger by 10° than that 
of the clean surface of the electrode 12, surely protects 
the layer 13 from being contaminated with impurities. In 
this connection, ultrasonically cleaning the electrode- 
mounted substrate 17 followed by cleaning it with plas- 
ma reduces the contact angle with water of the surface 
of the transparent electrode 12 to be smaller by 30° or 
more than that thereof before cleaned. In this embodi- 
ment, since the hole injection layer 13 is formed before 
the contact angle with water of the surface of the trans- 
parent electrode 12 increases to be larger by 10° or 
more than that thereof just after cleaned, or that is, since 
the layer 13 is formed on the surface of the transparent 
electrode 1 2 which is cleanerthan the non-cleaned one, 
the interface between the transparent electrode 12 and 
the hole injection layer 13 formed thereon is surely pre- 
vented from being contaminated. Accordingly, in this 
embodiment, penetration of impurities into the organic 
EL device 1 produced is surely reduced, and the device 
1 produced shall stably have the intended capabilities. 
[0077] The light-emitting layer 14 is formed on the pre- 
viously-formed hole injection layer 13 while the layer 13 
is clean just after having been formed and before the 
contact angle with water of the surface of the layer 13 
increases by 1 0°, whereby the penetration of impurities 
into the interface between the layer 1 3 and the layer 14 
is prevented. In the same manner, the formation of the 
next electron injection layer 15 is started just after the 
formation of the light-emitting layer 14 and before the 
contact angle with water of the surface of the layer 14 
increases by 10°, and the formation of the counter elec- 
trode 1 6 is started just after the formation of the previous 
electron injection layer 15 and before the contact angle 
with water of the surface of the layer 15 increases by 
10°. As a result, the penetration of impurities into the 
interfaces of layer 14/layer 15/electrode 16 is prevented 
Accordingly, the contamination of the interfaces of the 
film layers 13 to 16 is reduced, and the device 1 pro- 
duced shall stably have the intended good capabilities. 
[0078] In this embodiment, since the hole injection 
layer 13 to the counter electrode 16 are formed before 
the increase in the contact angle with water of the sur- 
faces of the previous layers 12 to 15 is not larger than 
10° just after the cleaning of the substrate 17 or after 
the formation of the previous layers 13 to 15, the impu- 
rities that may penetrate into the interfaces of those lay- 
ers 12 to 1 6 are much reduced, resulting in that not only 
the uniformity of the light-emitting surface of the device 
1 produced is improved but also the overall light-emitting 
capabilities thereof are improved. In this, therefore, the 
life of the device 1 produced is prolonged. 
[0079] Since the deposition source 42 to form the 
light-emitting layer 14 is pre-heated prior to the finish of 
the formation of the previous hole injection layer 13, and 
since the deposition source 43 for the electron injection 
layer 15 and the deposition source 44 for the counter 



8 



15 



EP 0 865 229 B1 



electrode 1 6 are also pre-heated prior to the finish of the 
formation of the previous light-emitting layer 14 and 
electron injection layer 15, respectively, the impurities 
that vaporize in the initial stage of heating those depo- 
sition sources 42 to 44 are removed during the formation 5 
of the previous layers 1 3, 14 and 1 5. Also since the heat- 
ing of the deposition source 41 for the hole injection lay- 
er 1 3 is started prior to the finish of the plasma cleaning 
of the electrode-mounted substrate 17, the impurities 
that vaporize in the initial stage of heating the deposition to 
source 41 are removed during the plasma cleaning of 
the substrate 17. 

[0080] Accordingly, the layers 1 3 to 1 6 are prevented 
from being contaminated with the impurities that may be 
formed in the initial stage of heating the deposition *5 
sources 41 to 44, and the device 1 produced surely have 
good capabilities. 

[0081] Since the deposition source 41 is pre-heated, 
the vaporizing condition of the deposition source 41 for 
the hole injection layer 1 3 is stabilized within a short pe- 20 
riod of time after the finish of cleaning the substrate 17. 
Therefore, forming the hole injection layer 13 is surely 
started before the contact angle with water of the sur- 
face of the electrode 12 previously mounted on the sub- 
strate 17 increases in vacuum to be larger by 10° than 25 
the initial value thereof just after cleaned. 
[0082] Similarly, since the deposition sources 42 to 44 
are all pre-heated, the vaporizing condition of the dep- 
osition source 42 for the light-emitting layer 14, that of 
the deposition source 43 for the electron injection layer 30 
15 and that of the deposition source 44 for the counter 
electrode 16 are all stabilized within a short period of 
time after the finish of forming the previous hole injection 
layer 13, light-emitting layer 14 and electron injection 
layer 1 5, respectively. Therefore, forming the next light- 35 
emitting layer 14, electron injection layer 15 and counter 
electrode 16 that are formed one after another in that 
order is surely started before the contact angle with wa- 
ter of the surfaces of the previous hole injection layer 
13, light-emitting layer 14 and electron injection layer 40 
15, respectively, increases to be larger by 10° than the 
initial values thereof just after formed. 
[0083] Accordingly, the contamination of the surfaces 
of those layers 12 to 1 5, or that is, the contamination of 
the interfaces of the layers 12 to 16 is surely reduced, 45 
and the device 1 produced shall stably have the intend- 
ed capabilities. 

[0084] Since the pre-heating of the deposition source 
41 for the hole injection layer 13 is so attained, before 
the finish of the plasma cleaning of the substrate 17 in 50 
the cleaning room 21, that the deposition rate, R1, to 
form the layer 13 on the substrate 17 satisfies the re- 
quirements, 0.7M < R1 <: 1.3r1 and R1 > 10 A/sec, the 
deposition rate, R1 , is stabilized to reach the predeter- 
mined deposition rate, r, within a shortest period of time. 55 
[0085] In addition, since the vaporization sources 42 
to 44 for the light-emitting layer 1 4, the electron injection 
layer 15 and the counter electrode 16 are pre-heated 



16 

under the same condition as above, the deposition rates 
for those layers 14 to 16 (for example, R2 for the light- 
emitting layer 14) are all stabilized to reach the prede- 
termined deposition rates for them (for example, r2 for 
the light-emitting layer 14) within a shortest period of 
time. 

[0086] Accordingly, immediately after the finish of 
cleaning the substrate 17 with plasma or after the finish 
of deposition the previous layers 1 3 to 1 5, the deposition 
of the next layers 13 to 16 is started, and, as a result, 
the contamination of the interfaces of those layers 1 2 to 
16 is greatly reduced, and in addition, the tactical time 
for continuous production of the device 1 is surely short- 
ened. 

[0087] Since the first film-forming room 22 is pre-de- 
gassed before the plasma cleaning is finished, the pres- 
sure P1 in the room 22 is reduced to the predetermined 
pressure p1 within a short period of time after the finish 
of the plasma cleaning, thereby ensuring the start of 
forming the hole injection layer 1 3 before the contact an- 
gle with water of the surface of the electrode 1 2 mounted 
on the substrate 17 increases in vacuum to be larger by 
10° than the initial value thereof just after cleaned. 
[0088] Similarly, since the second film-forming room 
23, the third film-forming room 24 and the fourth film- 
forming room 25 are all pre-degassed prior to the finish 
of the formation of the previous hole injection layer 13, 
light-emitting layer 14 and electron injection layer 15, 
respectively, the pressure, P2, in the room 23, the pres- 
sure in the room 24 and the pressure in the room 25 are 
all stabilized within a short period of time after the finish 
of forming those layers 13, 14 and 15. Therefore, form- 
ing the next light-emitting layer 14, electron injection lay- 
er 1 5 and counter electrode 16 that are formed one after 
another in that order is surely started before the contact 
angle with water of the surfaces of the previous hole in- 
jection layer 13, light-emitting layer 14 and electron in- 
jection layer 15, respectively, increases to be larger by 
10° than the initial values thereof just after formed. 
[0089] As a result, the contamination of the surfaces 
of those layers 12 to 15, or that is, the contamination of 
the interfaces of the layers 12 to 16 is surely reduced, 
and the device 1 produced shall stably have the intend- 
ed capabilities. 

[0090] Since the first film-forming room 22 is so pre- 
degassed that the pressure, P1 , in the room 22 is to sat- 
isfy the requirement, 0.1 p1 < P1 < 10p1 before the plas- 
ma cleaning is finished in the cleaning room 21, the 
pressure, P1, in the room 22 in which the hole injection 
layer 13 is being formed is stabilized to reach the pre- 
determined pressure, p1, within a shortest period of 
time. 

[0091] In addition, since the second to fourth film- 
forming rooms 23 to 25 are also pre-degassed in the 
same manner as in the room 22, the pressure in those 
rooms 23 to 25 (for example, P1 in the room 23) in which 
the light-emitting layer 14, the electron injection layer 15 
and the counter electrode 16 are being formed, is sta- 
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bilized to reach the predetermined pressure (for exam- 
ple, p1 in the room 23) within a shortest period of time. 
[0092] Accordingly, the deposition of the layers 1 3 to 
16 is started immediately after the plasma cleaning and 
immediately after the finish of deposition the previous 
layers 13 to 15, and, as a result, the contamination of 
the interfaces of the layers 12 to 16 is greatly reduced, 
and the tactical time for continuous production of the de- 
vice 1 is surely shortened. 

[0093] The invention is not limited to only the embod- 
iment illustrated hereinabove, but encompasses any 
other constitutions and modifications attaining the ob- 
jects of the invention, such as those mentioned below. 
[0094] In the illustrated embodiment, the layers 1 3 to 
16 are formed in different film-forming rooms 22 to 25. 
In the invention, however, those plural layers may also 
be formed in one and the same vacuum chamber. In this 
case, preferably, each deposition source is pre-heated. 
[0095] Alternatively, one and the same compound 
may be evaporated from a plurality of deposition sourc- 
es to form plural layers in one and the same vacuum 
chamber. For doping, different compounds may be 
evaporated all at the same time from different deposition 
sources to form plural layers in one and the same vac- 
uum chamber. 

[0096] In the illustrated embodiment, the electrode- 
mounted substrate is cleaned with plasma. However, in 
the invention, the method of cleaning the substrate is 
not specifically defined. For example, the substrate 
maybe cleaned with ultraviolet rays, ion beams, etc. 
[0097] The organic EL devices to be produced in the 
invention are not limited to only the illustrated one. 
Needless-to-say, the invention shall apply to any other 
organic EL devices having different structures. 
[0098] As has been described in detail hereinabove 
with reference to some preferred embodiments, in the 
method of the present invention, the first layer is formed 
on the surface of the electrode as mounted on a sub- 
strate immediately after the electrode-mounted sub- 
strate is cleaned and before the contact angle with water 
of the surface of the electrode increases by 30°. There- 
fore, penetration of impurities into the interface between 
the electrode and the first layer is surely prevented, and 
the devices produced stably have the intended capabil- 
ities. 

[0099] In addition, in the method of the invention for 
producing organic EL devices having a plurality, n = 1 , 
2, 3, of film layers, the (n + 1)'th layer is formed im- 
mediately after the formation of the previous n'th layer 
and before the contact angle with water of the surface 
of the n'th layer increases by 30°. Therefore, penetration 
of impurities into the interface between the n'th layer and 
the (n + 1)*th layer is surely prevented, and the devices 
produced stably have the intended capabilities. 
[0100] While the invention has been described in de- t 
tail and with reference to specific embodiments thereof, 
it will be apparent to one skilled in the art that various 
changes and modifications can be made within the 



scope of the claims. 



Claims 

1 . A method for producing organic electroluminescent 
devices, comprising cleaning an electrode-mount- 
ed substrate followed by forming a plurality of film 
layers including organic layers and a counter elec- 
3 trode layer, on the electrode mounted on the sub- 
strate, successively one after another in vacuum, 
wherein; 

the time just after the finish of cleaning the 

electrode-mounted substrate and before the start of 

forming the first film layer on the electrode is shorter 

than the time within which the value of the contact 

angle with water of the surface of the electrode just 

after the finish of cleaning it increases by 30° in vac- 
uum. 

2. A method for producing organic electroluminescent 
devices, comprising forming a plurality, n = 1, 2, 

3 of film layers including organic layers and a 

counter electrode layer, on an electrode mounted 
on a substrate, successively one after another in 
vacuum, wherein; 

the time just after the finish of forming the n'th 
film layer and before the start of forming the next (n 
+ 1 )'th film layer is shorter than the time within which 
the value of the contact angle with water of the sur- 
face of the n'th film layer just after having been 
formed increases by 30° in vacuum. 

3. The method for producing organic electrolumines- 
cent devices as claimed in claim 2, wherein the plu- 
rality of film layers are formed through vapor depo- 
sition, and the deposition source for the (n + 1)'th 
film layer is previously heated before the formation 
of the n'th film layer is finished. 

4. The method for producing organic electrolumines- 
cent devices as claimed in claim 3, wherein the pre- 
heating of the deposition source for the (n + 1)'th 
film layer is so attained, before the finish of the for- 
mation of the previous n'th layer, that the deposition 
rate, R, of the vaporizing material to give the (n + 1) 
*th film layer on the substrate satisfies, while being 
based on a predetermined deposition rate, r, to form 
the (n + 1 )'th film layer on the substrate, the require- 
ments of 0.7r < R £ 1 .3 r and R > 10 A/sec. 

5. The method for producing organic electrolumines- 
cent devices as claimed in any one of claims 2 to 4, 
wherein the plurality of film layers are formed in dif- 
ferent vacuum chambers and the vacuum chamber 
in which the (n + 1 )'th film layer is to be formed is 
previously degassed before the formation of the n'th 
layer is finished. 
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6. The method for producing organic electrolumines- 
cent devices as claimed in claim 5, wherein the pre- 
degassing of the vacuum chamber for the (n + 1 )*th 
film layer is so attained, before the finish of the for- 
mation of the previous n'th film layer, that the pres- 5 
sure, P, in the vacuum chamber for the (n + 1)'th film 
layer satisfies, while being based on a predeter- 
mined pressure, p, in the vacuum chamber in which 
the (n + 1)'th film layer is to be formed, the require- 
ment of 0.1 p < P < 10p. 10 



Patentanspruche 

1 . Verfahren zur Herstellung organischer Elektrolumi- 15 
neszenz-Bauelemente, mit dem Reinigen eines auf 
einer Elektrode angebrachten Substrats, gefolgt 
von der Ausbildung mehrerer Filmschichten ein- 
schlielilich organischer Schichten und einer Ge- 
genelektrodenschicht, auf der Elektrode, die auf 20 
dem Substrat angebracht ist, hintereinander im Va- 
kuum, wobei 

die Zeit unmittelbar nach der Beendigung der Rei- 
nigung des auf der Elektrode angebrachten Sub- 
strats und vor dem Beginn der Ausbildung der er- 25 
sten Filmschicht auf der Elektrode kurzer ist als die 
Zeit, in welcher der Wert des Beruhrungswinkels mit 
Wasser auf der Oberflache der Elektrode unmittel- 
bar nach der Beendigung von deren Reinigung urn 
30 0 im Vakuum zunimmt. 30 

2. Verfahren zur Herstellung organischer Elektrolumi- 
neszenz-Bauelemente, mit der Ausbildung mehre- 
rer, n = 1, 2, 3, .... Filmschichten einschliefilich or- 
ganischer Schichten und einer Gegenelektroden- 35 
schicht auf einer auf einem Substrat angebrachten 
Elektrode, hintereinander im Vakuum, wobei 

die Zeit unmittelbar nach der Beendigung der Aus- 
bildung der n-ten Filmschicht und vor dem Beginn 
der nachsten (n + 1 )-ten Filmschicht kurzer ist als 40 
die Zeit, in welcher der Wert des Beruhrungswinkels 
mit Wasser der Oberflache der n-ten Filmschicht 
unmittelbar nach deren Ausbildung urn 30 0 im Va- 
kuum zunimmt. 

45 

3. Verfahren zur Herstellung organischer Elektrolumi- 
neszenz-Bauelemente nach Anspruch 2, bei wel- 
chem die mehreren Filmschichten mittels Dampfab- 
lagerung ausgebildet werden, und die Ablage- 
rungsquelle fur die (n + 1 )-te Filmschicht vorher er- 50 
warmt wird, bevor die Ausbildung der n-ten Film- 
schicht beendet ist. 

4. Verfahren zur Herstellung organischer Elektrolumi- 
neszenz-Bauelemente nach Anspruch 3, bei wel- 55 
chem die VorerwSrmung derAblagerungsquellefur 

die (n + 1)-te Filmschicht so erreicht wird, vor der 
Beendigung der Ausbildung der vorherigen n-ten 
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Schicht, dass die Ablagerungsrate R des Verdamp- 
fungsmaterial zur Ausbildung der (n + 1)-ten Film- 
schicht auf dem Substrat wahrend sie auf einer vor- 
bestimmten Ablagerungsrate r beruht, urn die (n + 
1)-te Filmschicht auf dem Substrat auszubilden, die 
Anforderungen von 0,7 r < R < 1,3 r sowie R > A/ 
Sekunde erfullt. 

5. Verfahren zur Herstellung organischer Elektrolumi- 
neszenz-Bauelemente nach einem der Anspruch e 
2 bis 4, bei welchem die mehreren Filmschichten in 
verschiedenen Vakuumkammern ausgebildet wer- 
den, und jene Vakuumkammer, in welcher die (n + 
1)-te Filmschicht ausgebildet werden soli, vorher 
entgast wird, bevor die Ausbildung der n-ten 
Schicht beendet ist. 

6. Verfahren zur Herstellung organischer Elektrolumi- 
neszenz-Bauelemente nach Anspruch 5, bei wel- 
chem die Vorentgasung der Vakuumkammer fur die 
(n + 1)-te Filmschicht so erreicht wird, vor der Be- 
endigung der Ausbildung der vorherigen n-ten Film- 
schicht, dass der Druck P in der Vakuumkammer 
fur die (n + 1 )-te Filmschicht auf einem vorbestimm- 
ten Druck p beruht, in der Vakuumkammer, in wel- 
cher die (n + 1)-te Filmschicht ausgebildet werden 
soli, und die Bedingung 0,1 p < P < 10 p erfullt. 



Revendications 

1. Procede pour fabriquer des dispositifs organiques 
electroluminescents, comprenant le nettoyage 
d'une electrode montee sur un substrat, suivi par la 
formation d'une plurality de couches en forme de 
films incluant des couches organiques et une cou- 
che de contre-electrode sur ('electrode montee sur 
le substrat, et ce successivement sous vide, selon 
lequel 

I'intervalle de temps, qui s'etend juste apres 
la fin du nettoyage de I'electrode montee sur le 
substrat et avant le demarrage de la formation de 
la premiere couche en forme de film sur I'electrode, 
est inferieur a I'intervalle de temps, pendant lequel 
la valeur de Tangle de contact de la surface de 
I'electrode avec I'eau juste apres la fin de son net- 
toyage augmente de 30° sous vide. 

2. Proced6 pour fabriquer des dispositifs organiques 
electroluminescents, comprenant la formation 

d'une pluralite n = 1, 2, 3 de couches en forme 

de films incluant des couches organiques et une 
couche de contre-electrode, sur une electrode 
montee sur un substrat, successivement sous vide, 
selon lequel 

I'intervalle de temps, qui s'etend juste apres 
la fin de la formation de la n-eme couche en forme 
de film et avant le debut de la formation de la (n+1 )- 
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erne couche en forme de film suivante est inferieur 
a I'intervalle de temps, pendant lequel la valeur de 
Pangle de contact avec I'eau sur la surface de la n- 
eme couche en forme de film juste apres sa forma- 
tion augmente de 30° sous vide. s 

3. Precede pour fabriquer des dispositrfs organiques 
electroluminescents selon la revendication 2, selon 
lequel la pluralite de couches en forme de films sont 
formees au moyen d'un depdt en phase vapeur et 10 
que la source de depot pour la (n+1)-eme couche 

en forme de film est prealablement chauffee avant 
que la formation de la n-eme couche en forme de 
film ne sort terminee. 

15 

4. Procede pour fabriquer des dispositrfs organiques 
electroluminescents selon la revendication 3, selon 
lequel le prechauffage de la source de depot pour 
la (n+1)-eme couche en forme de film est atteinte 
avant la fin de la formation de la n-eme couche pre- 20 
cedente, que la vitesse de depot R du materiau de 
vaporisation qui se vaporise pour former la (n+1)- 
eme couche en forme de film sur le substrat satis- 
fait, et sur la base d'une vitesse de depot predeter- 
mine r pour former la (n+1 )-eme couche en forme 25 
de film sur le substrat, aux conditions requises 0 7 
<R<M,3RetR>10A/s. 

5. Procede pour . fabriquer des dispositrfs organiques 
electroluminescents selon Tune quelconque des re- 30 
vendications 2 a 4, selon lequel la pluralite de cou- 
ches en forme de film sont formees dans differentes 
chambres a vide et la chambre a vide, dans laquelle 

la (n+1)-eme couche en forme de film doit etre for- 
mee, est prealablement degazee avant que la for- 35 
mation de la n-eme couche ne soit terminee. 

6. Procede pour fabriquer des dispositifs organiques 
electroluminescents selon la revendication 5, selon 
lequel le predegazage de la chambre a vide pour la 40 
(n+1 )-eme couche en forme de film est realise avant 

la fin de la formation de la n-eme couche en forme 
de film precedente de telle sorte que la pression P 
dans la chambre a vide ou la (n+1)-eme couche en 
forme de film satisfait, et ce sur la base d'une pres- 45 
sion predeterminee p dans la chambre a vide dans 
laquelle la (n+1)-eme couche formant film doit etre 
formee, a la condition requise 0,1 p < p < 10 p. 

50 
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Fig. 1 
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